Background and aims There is increasing clinical and legal interest in discrepancies between decision-making ability and cognition in old age, a stage of life when decisions have major ramifications. We investigated the frequency and correlates of such discrepancies in nondemented older adults participating in a large communitybased cohort study of aging, the Rush Memory and Aging Project. Methods Participants [n = 689, mean age 81.8 (SD 7.6), mean education 15.2 (SD 3.1), 76.8 % female and 93.3 % white] completed a measure of financial and healthcare decision making (DM) and a battery of 19 neuropsychological tests from which a composite measure of global cognition (COG) was derived. Results Results indicated that 23.9 % of the sample showed a significant discrepancy between DM and COG abilities. Of these, 12.9 % showed DM \ COG, while 11.0 % showed DM [ COG. Logistic regression models showed older age, being non-white, greater temporal discounting, and greater risk aversion were associated with higher odds of being in the DM \ COG group. Being male was associated with higher odds of being in the DM [ COG group. Education, income, depressive symptoms, and impulsivity were not associated with a discrepancy. Only demographic associations (age, sex, and race) remained significant in a fully adjusted model with terms included for all factors. Conclusion These results support the consideration of decision making and cognition as potentially separate constructs.
Introduction
Adults over the age of 65 constitute the fastest growing segment of the US population [1] . In old age, adults are routinely faced with important financial and healthcare decisions, such as allocation of retirement funds, intergenerational transfers of wealth, medical treatment decisions, and advanced planning for end-of-life. The decisions older adults make can have a profound impact not only for themselves, but also for their families and society at large. Despite this importance, decision-making ability in old age appears to be poorer than in young or middle age [2, 3] , and the reasons for this are poorly understood. A greater understanding of decision-making ability in old age and the factors that influence it is therefore of significant public health importance.
Decision making is a complex process that entails the ability to generate and evaluate multiple possible choices to select an optimal one. While a certain degree of cognitive functioning is necessary for optimal decision making, and older persons with cognitive impairment tend to make poorer decisions [4, 5] , adults of all ages with intact cognition often make poor decisions concerning important financial and health matters. Case examples of this have been detailed in clinical and forensic reports [6, 7] . Whereas these case examples support the notion that discrepancies between decision making and cognition can exist at the individual level, it is unclear how frequently such discrepancies occur in late life in particular, and what characteristics are associated with these discrepancies. Discrepancies between decision-making abilities and cognitive abilities in older persons may have important clinical and legal significance.
Recent work suggests that observing performance on measures of function may not be as sensitive to detecting at-risk subgroups as are approaches that examine discrepancies between separate measures of function. For example, a recent study found that difference scores better characterized a preclinical Alzheimer's disease group from a demographically matched control group despite both groups performing similarly on separate measures of cognition [8] . Another study showed that discrepancy approaches better predicted future cognitive decline among elderly individuals than an established genetic risk factor for dementia, apolipoprotein E genotype [9] .
We investigated the frequency of discrepancy between decision-making ability and cognition in a group of nondemented older adults using a Z-transformation discrepancy approach [8] [9] [10] . This method allowed us to identify two types of discrepancy: decision making better than cognitive ability, and alternately decision making worse than cognitive ability. We next investigated the association of two major potential determinants of discrepancy, demographic factors (age, education, sex, race, and income) and personality/affective styles known to impact decision making (depressive symptoms, impulsivity, risk aversion, and temporal discounting, which is the tendency to select a smaller immediate reward instead of a larger reward at a later time), with each type of discrepancy using logistic regression.
Based on the prior literature linking decision making and cognition [11] , we hypothesized that a subsample of participants has a discrepancy between cognitive and decision-making abilities, and membership in this discrepancy subsample is related to demographic and personality or affective characteristics. While age-related decline in cognitive function has been well-established [12] , more recent work indicates that decision-making abilities may decline in old age as well [13] . However, it is unknown whether aging is related to a discrepancy between these two abilities. Research integrating behavior and brain models of cognitive functioning have found that age is associated with additional recruitment of brain regions to perform tasks, and this has been termed ''dedifferentiation'' [14] . Assuming that consistency between decision making and cognitive abilities is a reflection of neural integration, we hypothesized that older age is associated with a discrepancy between cognition and decision making due to its association with greater neural system dedifferentiation [15] [16] [17] . Similarly, we hypothesized that higher education and higher income are associated with lower odds of discrepancy due to their associations with better neural integration [18] . We further hypothesized that being non-white and female is associated with discrepancy due to disparities in financial experiences and access to healthcare [19] [20] [21] [22] [23] . Finally, we hypothesized that highly depressed, impulsive, and risk averse older persons, and those who discount future rewards (high temporal discounting), are more likely to show discrepancy between decision-making ability and cognitive ability [24] [25] [26] [27] [28] . In the absence of data on what factors are associated with a particular direction of discrepancy, directionality was considered exploratory. To our knowledge, this is the first systematic study of discrepancy between decision-making ability and cognition in old age.
Methods

Participants
Participants for the current study were enrolled in the Rush Memory and Aging Project, a cohort study of aging and dementia [29] , which recruits from local residential facilities, including retirement homes, senior housing facilities, and community organizations in the Chicago metropolitan area. Participants are enrolled and evaluated annually. Cognitive impairment was documented with a battery of cognitive performance measures, and determined by a board-certified clinical neuropsychologist with expertise in aging and Alzheimer's disease who reviewed the cognitive data, information about the participant's current deficits and background (e.g., education/occupation, sensory and motor deficits), and the clinical evaluation conducted by a clinician with expertise in aging and dementia. Diagnosis of dementia was determined in accordance with NINCDS/ADRDA criteria by the evaluating clinician [30, 31] . Trained technicians under the supervision of a boardcertified clinical neuropsychologist assisted in the comprehension of all tasks and measures at administration. All procedures were conducted in accordance with the ethical rules for human experimentation that are stated in the Declaration of Helsinki and were approved by the Institutional Review Board of Rush University Medical Center.
The Rush Memory and Aging Project began in 1997 and assessments of decision making began in 2008. Participants with dementia at the time of decision-making assessment were excluded from the analyses. At the time of these analyses, 1631 participants had completed a baseline evaluation; of those, 552 died and 83 refused further participation in the Memory and Aging Project before the decision-making evaluation began. Of the remaining 996 persons, 125 had not completed their first decision-making or clinical evaluation, and 104 were not asked to participate due to severe difficulties with language, hearing, vision or understanding, or having moved out of the geographical area, leaving 767 participants who had completed the decision-making assessment and had completed clinical evaluations. Fifty of these participants met criteria for dementia and were excluded, and 28 had missing data on the decision-making measure, resulting in a final group of 689 participants for analyses. The first annual decision-making assessment completed and the corresponding cognitive testing for that year were used in these analyses. The mean age of participants was 81.8 years (SD 7.6; range 59.6-100.8), the mean education was 15.2 years (SD 3.1; range 0-28), 76.8 % were women, and 93.3 % were white. The mean score on the Mini-Mental State Examination (MMSE) was 28.3 (SD 1.7; range [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . Of the participants, 25.8 % had self-reported annual incomes lower than USD 25,000, 46.4 % had incomes between USD 25,000 and 50,000, and 19.6 % had incomes over USD 50,000.
Assessment of decision making
Decision making was assessed using a modified version of a tool which was specifically designed to measure decision making in older adults [32, 33] . The modified decisionmaking measure consisted of 12 items, 6 items measuring financial decision making, and 6 items measuring healthcare decision making. Items were developed to represent actual decisions older adults often make and have been described in previous work [32, 34, 35] . The items involved choosing between different mutual funds (financial) and HMOs (healthcare) based on a number of pre-specified preferences. Information on mutual funds and HMOs was presented visually in table format. Questions and visual stimuli regarding mutual funds and HMOs varied in levels of complexity. Modifications to the visual stimuli from the original tool were made so they would be easier to see and simpler to comprehend for older participants. This measure was extensively piloted in a sample of older adults to ensure an appropriate level of comprehension prior to use. The total decision-making score is the number of items answered correctly (range 0-12). In previous research, the decision-making measure has been shown to have appropriate psychometric properties including high inter-rater reliability and short-term temporal stability [32, 33] . Our group has previously reported performance on this measure is associated with cognition [35] , personality (i.e., risk aversion preferences [34] ), financial and healthcare literacy [36] , and risk of mortality [37] in non-demented older adults.
Assessment of cognition
All participants underwent a battery of 21 neuropsychological measures, 19 of which were used to make composite scores of cognitive function [29] . The battery included the word list memory, word list recall, and word list recognition from the CERAD battery, the immediate and delayed recall of Logical Memory Story A and the East Boston Story, verbal fluency, Boston Naming test, a subset of items from the Complex Ideational Material test, the National Adult Reading Test, Digit Span Subtest (forward and backward) of the Wechsler Memory Scale-revised, Digit Ordering, the Symbol Digit Modalities test, Number Comparison, the Judgment of Line Orientation test, Standard Progressive Matrices, Stroop Color Naming, and Stroop Word Reading. Two of the 21 tests, the MiniMental Status Examination and the Complex Ideational Material are used for descriptive and clinical diagnostic purposes only. Raw scores across all 19 of the remaining individual measures of cognitive function were converted to z scores using the baseline mean and SD from all subjects, and then were averaged to yield a composite global cognition score as was previously described [38] .
Demographic variables
Age was based on date of birth and date of decision-making assessment. Sex, race (white versus non-white), and education (years of schooling) were self-reported. Income was measured using a show card methodology; participants were shown a card with the following 10 possible categories and asked to choose the option that represented their annual income: (1) USD 0-4999, (2) USD 5000-9999, (3) USD 10,000-14,999, (4) USD 15,000-19,999, (5) USD 20,000-24,999, (6) USD 25,000-29,999, (7) USD 30,000-34,999, (8) USD 35,000-49,999, (9) USD 50,000-74,999, (10) USD [75,000.
Personality/affective variables
Depressive symptomatology was assessed with a 10-item form of the CES-D scale [39] . For each symptom, a brief item stem was read by the examiner, and the participant Aging Clin Exp Res (2016) 28:99-108 101 indicated whether they had experienced the symptom much of the time during the past week. The score was the total number of symptoms experienced. The CES-D is widely used in epidemiological studies of older persons, and the reliability of this version of the CES-D has been previously demonstrated [40] . A strong benefit of this format is that it minimizes respondent burden by having concise item stems (mean of 4.2 words/item) that are read to the participant and require only a ''yes'' or ''no'' response. Impulsiveness was measured from 8 items of the neuroticism subscale of the NEO Personality Inventory-Revised [41] . These items included ''I rarely overindulge in anything,'' ''I have trouble resisting my cravings,'' ''I have difficulty resisting temptation,'' ''when I am having my favorite foods, I tend to each too much,'' ''I seldom give into my impulses,'' ''I sometimes eat myself sick,'' ''sometimes I do things on impulse that I later regret,'' and ''I am always able to keep my feelings under control.'' Respondents are given the choice to respond to each item with ''strongly agree,'' ''agree,'' ''neutral,'' ''disagree,'' or ''strongly disagree'' with values coded from 0 to 4 each item providing an overall range of 0-32 for the measure. Temporal discounting (alpha) was measured using five binary questions where participants were asked if they would rather have a smaller reward now or a larger reward 1 month later. An example of an item is ''Would you prefer $1000 in cash right now or $3000 in a year?'' All immediate rewards were $1000 and delayed rewards ranged in value from $1200 to $3000. Our group has shown that temporal discounting is associated with cognition [42] and increased mortality among older adults [43] . Risk aversion (gamma) was assessed with a series of 10 coin toss questions ''Would you prefer $15 for sure, OR a coin toss in which you will get $ (an amount greater than $15) if you flip heads or nothing if you flip tails?'' [44] . Possible gain amounts varied across questions and ranged from $21.79 to $151. 19 . Under the expected utility model, any gamble over $30 would be a ''preferred'' choice. Most of the gambles were over $30. Our group has previously shown risk aversion to be associated with cognition [44] and decision making [34] in older adults.
Statistical analyses
Descriptive statistics were presented on all variables included in the study. Pearson correlations were conducted for all continuous variables. Between-group comparisons were conducted to explore the relation of demographic categorical variables (sex and race) to the main variables of interest. Using an established discrepancy analysis approach [8] [9] [10] , performances on the decision-making (DM) measure and the cognition (COG) composite were Z-transformed relative to the analytic sample and subtracted from one another to yield a discrepancy measure. Z-transforming the individual scores on the DM and COG measures allowed for standardization of scores relative to the same reference sample so that difference scores could be meaningfully calculated. Dummy variables were then created for discrepancies greater than one Z score (one standard deviation) in either direction. This yielded three groups, decision-making abilities less than one standard deviation of cognitive abilities (DM \ COG), decisionmaking abilities within one standard deviation of (i.e., approximately equivalent to) cognitive abilities (DM % COG), and decision-making abilities greater than one standard deviation of cognitive abilities (DM [ COG).
Unadjusted logistic regression models were next employed to explore the separate association of age, education, sex, race, income, depressive symptoms, impulsivity, temporal discounting, and risk aversion with discrepancy group status relative to the group with no discrepancy. We then ran an adjusted model that included terms for all of the variables (demographic and personality/affective styles).
Significance was interpreted at an alpha of 0.05.
Results
Characterization of the sample
The sample was mostly female (76.8 %) and predominantly white (93.3 %) ( Table 1) . Performance on the measure of global cognition was correlated with performance on the decision-making measure, and higher age was correlated inversely with global cognition and decision-making performance (Supplemental Table 1 ). Being female and non-white was associated with worse performance on the decision-making measure (Supplemental Table 2 ).
Frequencies of discrepancy between decision making and cognition
After subtracting Z score conversions of global cognition and decision making from one another, 23.9 % of the sample had a discrepancy greater than 1 Z score. Of these, 12.9 % percent had decision-making abilities lower than cognition (DM \ COG), while 11.0 % had decision-making abilities higher than cognition (DM [ COG). A scatterplot of decision making and cognition Z scores by discrepancy group is presented in Fig. 1 . Demographic data and significant bivariate comparisons of the discrepancy groups (DM \ COG and DM [ COG) with the equivalence group (DM % COG) are presented in Table 2 .
Associations of demographics and personality/ affective decision-making styles with discrepancy groups
To determine correlates of discrepancies between cognition and decision making, we first examined whether of each of the demographic variables was significantly associated with either discrepancy group (DM \ COG, DM [ COG) compared to the non-discrepant group (DM % COG) in a series of unadjusted logistic regression models. Older age and being non-white were associated with higher odds of being in the DM \ COG group. By contrast, being male was associated with higher odds of being in the DM [ COG group. Education and income were not associated with either type of discrepancy (Table 3) . Next, we examined the association of personality/affective styles with discrepancy groups. In separate models, greater temporal discounting and greater risk aversion were associated with higher odds of being in the DM \ COG group (Table 3) . Depressive symptoms and impulsivity were not associated with discrepancy groups.
Finally, we conducted fully adjusted models examining all demographic and affective/personality variables together. In this analysis, only the demographic associations (age, sex and race) remained significantly associated with discrepancy groups (Table 3) .
Because the results could be influenced by persons with cognitive impairment, we repeated the analyses in a subsample of participants who had an MMSE of greater than or equal to 26 and another subsample who had a global cognition score not in the impaired range (this was defined as having a global cognition score above a cutoff of 1.5 standard deviations below the mean score, consistent with clinical neuropsychology practice). Results revealed very similar frequencies of discrepancy according to both methods (Supplemental Table 3 ). Furthermore, the same demographic variables remained significantly associated with discrepancy in fully adjusted models as were indicated by the full sample.
Discussion
In a large community-based cohort of non-demented older persons, about a quarter of the sample exhibited a significant discrepancy between their decision-making ability and cognitive function. In separate models, older age, being a racial minority (non-white), greater temporal discounting, and greater risk aversion were associated with higher odds of being in the DM \ COG group, while unexpectedly, male sex was associated with higher odds of being in the DM [ COG group. In a fully adjusted model, however, only demographic variables (age, sex and race) remained significantly associated with discrepancies. In additional analyses of only those with very high cognitive ability, similar proportions of discrepancy were observed in the subsample, and the same variables remained significant in adjusted models as were observed for the whole sample. These results suggest three important implications regarding the relationship between decision-making abilities and overall cognitive abilities in old age. First, although optimal decision making requires a certain level of cognitive function, about a quarter of older adults in our sample showed discrepancies between their decisionmaking and global cognitive abilities of more than a standard unit. There is mounting evidence from behavioral economics and affective science studies that decision making and cognition may be dissociable constructs in old age. For example, our group has shown that risk aversion is associated with poorer decision making after adjusting for the effects of global cognition, executive functions, and non-executive cognitive abilities in older adults without dementia [34] . Our group has also shown a significant association between decision making and mortality in older adults that persisted even after adjusting for cognitive functioning [37] . The fact that we observed a large discrepancy in about a quarter of the sample in the present study supports the notion that decision making is associated with other processes beyond cognition, and bolsters the argument that decision-making ability and cognition are dissociable constructs in old age. Cognitive decline may have a deleterious effect on decision making [35] ; however, other factors such as emotional processing and motivation are known to influence decision making as well [45] . For example, older adults tend to show more of a preference for having attention and memory resources directed to emotionally relevant stimuli when making decisions [46] . While we expected to see a portion of the sample exhibits decision-making abilities relatively lower than cognitive abilities based on case studies described in clinical and forensic reports [6, 7] , we also observed the opposite pattern of cognitive ability being lower than decision making in a portion of the sample as well. To our knowledge, this has not been previously reported. Participants who exhibit better decision-making abilities relative to their cognitive abilities may do so for a number of reasons. Affective, medical, and lifestyle factors known to impact cognition might selectively contribute to lowering cognitive function relative to other functions [47, 48] ; although the mechanisms are unclear. We investigated whether depressive symptomatology and impulsivity, factors previously shown to be associated with lower cognition [49, 50] , were associated with discrepancies and found no evidence for these having a significant effect.
The second implication from these results is that specific demographic factors are associated with a discrepancy between decision-making and cognitive abilities. As hypothesized, older age and minority status were associated with higher odds of showing lower decision-making abilities relative to cognitive abilities. The age finding is consistent with the disintegration of neural systems hypothesis of aging, supported by a number of studies using different neuroscience approaches [15] [16] [17] . If decision making and cognition are distinguishable constructs, then they will likely have differences in neural representation in the brain. With age, neural processes disassociate [51] , and by consequence, abilities that may have been associated early in life may become less associated and more discrepant later in life, as in the example of memory encoding and recognition abilities [52] . Previous studies have identified age-related cognitive decline for persons over age 74 [12] , and declines in decision-making abilities have similarly been implicated for older ages [13] . Since the majority of our sample was above the age of 74 (greater than 80 %), our results may be viewed as most relevant to this age group. It is notable that discrepancies between cognitive and decision-making abilities are present for this age group, and further research is needed to determine whether these discrepancies represent age-related changes in abilities or long-term differences that persist from earlier in adulthood. Being non-white was also associated with higher odds of having lower decision-making abilities relative to global cognitive abilities, but there were only 11 minorities in this discrepant group, making interpretation of this finding difficult. In general, there is a lack of research on decision making in older minority populations. But given the well-documented disparities in cognition [53] and racial differences in both economic profiles and healthcare experiences [19] [20] [21] [22] [23] , further studies with larger samples of minorities are needed to more comprehensively examine the interactions of race, cognition, and decision making. Being male was associated with higher odds of having lower cognitive abilities relative to decision-making abilities. Research has shown that among older adults, males tend to be more financially literate and make more of the household financial decisions regarding retirement [54] . Historically in the US, males tended to be the primary decision makers for the family unit and therefore may have gained more experience with matters that had financial and healthcare implications. For these reasons, older males may make better decisions despite relatively lower cognition due to the benefit of greater experience and exposure. As sex differences in financial provision become less pronounced in society, this association of sex with discrepancy could potentially diminish. Because higher education and income level are commonly associated with better health outcomes, we hypothesized that these would be associated with less discrepancy between decision-making ability and cognition. Contrary to our hypotheses, education and income were not found to be significantly associated with being in a discrepancy group. The reasons for this are unclear, though the implication that discrepancies between decision-making ability and cognition may occur independent of education or income level is interesting, as this suggests high education or income level may not protect against discrepancies that may occur in old age.
The third implication is that certain personality and affective styles known from behavioral economics to have an effect on decision outcomes may not be as sensitive to discrepancies between decision-making and cognitive abilities as demographic factors. Depressive symptoms and impulsivity were not associated with a discrepancy group in unadjusted models. Temporal discounting, the tendency to take a smaller more immediate reward instead of a larger delayed reward, and risk aversion were both associated with being in the DM \ COG discrepancy group in unadjusted models; however, these did not remain significant in fully adjusted models. Temporal discounting has been interpreted as a reflection of poor decision-making ability [55] , and our group has previously shown temporal discounting to also be associated with poorer cognition [42] . Similarly, greater risk aversion has been associated with poorer decision making [34] as well as lower cognition in older adults [44] . We therefore speculate that one reason for our lack of findings is that these personality and affective styles may not be as sensitive to discrepancies between decision-making and cognitive abilities.
This study has limitations and strengths. In regard to limitations, the sample is significantly white; therefore conclusions based on race or ethnicity should be interpreted with caution. Also, measures of risk aversion and temporal discounting involved hypothetical and not real rewards and may therefore not reflect true preferences, though studies indicate that hypothetical paradigms elicit very similar responses as real paradigms [56] . Despite these limitations, there are a number of strengths of the present study. These include the use of a large, well-characterized communitybased sample to conduct observations of decision makingcognition discrepancy, an innovative method to investigate discrepancies, a comprehensive battery of cognitive measures to ascertain global cognitive abilities, and established measures of personality/affective factors. Future research is needed to replicate the discrepancy frequency data and the characteristic associations with discrepancy observed in the present study.
